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INTRODUCTION TO NuMI/MINOS

From the New York Times

Science, April 26, 2005:
Tiny, Plentiful and Really Hard to Catch

A cavemn 45 feet Tugh, 50 feet wide and 270 feet long in 3oudan, Minn | formerly an iron ore mine, is now home
to aneutrino detector, a $35 million particle physics experiment.

By KEENNETH CHANG
Published: April 268, 2005
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NuMI/MINOS Concept

Near Detector Far Detector
0.98 kT 54 KT
111.1 km
—— = @
Fermilab 735 km Soudan

Fermilab’s Main Injector, lllinois
T Soudan Underground Lab, Minnesota

120 GeV protons, 2.5 x 103 pro-

= EVEL NO. 275

4] FEET BELOW THE SURFAGE
tons/ 8 usec pulse, 1.9 sec rep rate. 689 FEET BELOW SEA LEVEL

E = 0.25 MW
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MINOS Beam Spectrum

Target

120 Ge\\
protons

Target Hall

Absorber
Decay Pipe

My

B

From
Main Injector

LE beam at 2.5 x 10%Y POT/yr = expect 1600 events/yr in FD

Horns

L L m

ﬂ'+

10m

180

160

CC Events/kt/year/GeV
2 8 8 B B

Vi
N
S

[\
(=]

30 m ; -
675 m I Y
5

Hadron Monitor

10 15 20
E, (GeV)

Marv Bishai. BNL 4 — p.4/4¢



MINOS v, Disappearance

® Plot ratio of yield at far
det. to expected from

near det.

® |ocation and depth of dip
yield dm? and sin? 26

® Assume dm? = 0.0025
eV2, sin? 20 = 1.0
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3 years at nominal intensity (top). Intensity upgrades (bot tom)

Determine dm2 to 10 % Rule out exotic oscillation models
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MINOS v, Appearance Sensitivity

In

2001, NuMI note 714 co-authored by BNLs M. Diwan and B. Vire n

determined MINOS sensitivity to 1/, appearance.

Am? (eV?)

31

For Am? = 0.0025 eV?, sin? 20,;= 0.067

E S
3 6 Contours 2 6o ey "“ﬂ
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' S0 25 x 10%°
L | orofons
" 40} on target
10 F /S e L e
MINOS, with - .
w2 L 25, 16, 7.4 x10°° pot 1oL Background dominated by
: Neutral current interactions
[ (+ some intrinsic beam v,’s)
0 0.05 0.1 0.15 0.2 0.25 0.3 0 1 1 ] 1
sin?(20,,) 1 2 3 4 5 6

Visible Energy (GeV)

2

Detection of v, at AmZ,. .. Evidence for non-zero 013
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BNL MINOS Collaborators

175 physicists from 32
Institutes in 6 countries
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BNL:

© o o 0

Milind Diwan: Group leader
Brett Viren: joined May, 2000
Mary Bishai: joined July, 2004

Argonne — Athens — Benedictine — Brookhaven -
Caltech — Cambridge — Campinas — Fermilab —
College de France — Harvard — lIT — Indiana —
ITEP Moscow — Lebedev — Livermore —
Minnesota, Twin Cities — Minnesota, Duluth —
Oxford — Pittsburgh — Protvino — Rutherford
Appleton — Sao Paulo — South Carolina -
Stanford — Sussex — Texas A&M — Texas-Austin
— Tufts — UCL — Western Washington — William
& Mary - Wisconsin

Mark Dierckxsens (Research Associate): joined March, 2004
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BNL Contributions to MINOS

$ NuMI Beamline commisioning, monitoring and data logging:

#® Muon and hadron monitor R&D using the ATF beam (B. Viren, M.

Diwan)
Leader, MINOS beamline data logging effort (B. Viren)
Online beam monitoring software (M. Bishai, B. Viren)

Leader, NuMI beamline performance monitoring (M. Bishai)

e o o o

Incorporating beamline data into MINOS analysis framework (M.

Dierckxsens, B. Viren)

# Maintaining a significant presence at FermiLab (all).

® MINOS databases:

® MINOS hardware database framework design.  Overall database

management. (M. Dierckxsens)

A

Marv Bishai. BNL 8 — n.8/4¢



BNL Contributions to MINOS

®» MINOS data reconstruction:

#® Development/maintenance of various offline reconstructio n

packages including the event display (B. Viren)
#® Built BNL physics department co-operative computing clust er =
significant MINOS reconstruction and analysis computing
capabilities locally at BNL (B. Viren).
» MINOS data analysis:
® U, analysis group co-leader (M. Diwan)

® 1, analysis software framework development (M. Dierckxsens)
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STATUS OF MINOS
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NuMI| Beamline Performance

Plot from offline beam data logging by Brett Viren, BNL:

NuMI Protons

Protons per Spill (1E12)

Brett Viren, 2005/04/25
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Wed March 23: target vacuum compromised. Cooling water in target enclosure.

7
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MINOS Target Status

Water detected in target enclosure March 23rd.

/

Target moved into workcell on April

8th. No sign of the leak was found vi-

T Targgt conister

sually and with pressure tests. Moved

vacuum port from upstream to down-

stream to assist in drainage.  Target
Expect full intensity beam April 29/30

3

back in beamline circa April 20th.
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ND 1st Beam Neutrino Jan 21, '05

Intensity was around
2.5 x 102  pro-

tons/spill.

Target in the ME posi- "“v“;i.:ﬂ O e e e OGS
Primary Shower= PEs: 424.0 Energy: 4.05 GaV'

tion.

The official MINOS event display shown was developed by Brett Viren of BNL.

7
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ND Lots and Lots of s

At 2.5 x 1013 prspill

Target is in ME position.

ND scintillator readout has

19ns resolution (same as

bunch length).

Timing information is used to

separate events.

Run: 6578 Snarl: 118 All 21 Slices

Event display is a critical com-

Reconstruction Summary
Tracks: 16 Showers: 15

ponent of MINOS reconstruc-

tion.

7
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1st FD Beam Neutrino, March 7 '05

Run: 29365 Snarl: 77611 Slica: 10f1 Event: 1 of1 Run: 29365 Snarl: 77611 Slice: 10f1 Event: 1 of1
Reconstruction Summary Reconstruction Summary
#Tracks: 1 # Showers: 1 #Tracks: 1 # Showers: 1

Primary Track> Len: 1.0 Range E: 0.7 GaV Fit P: -1.6 GeV
Vertex: (1.4,0.719.7) cos#thata: -0.25 Pass: -1.97
Primary Shower> PEs: 599.3 Energy. 2.98 GeV

Primary Track= Len: 1.0 Range E: 0.7 GaV/ Fit P: -1.6 GeV/
Vertex: (1.4.0.7,19.7) cos#thata: -0.25 Pass: -1.97
Primary Shower= PEs. 5993 Energy: 2.98 GeV/
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Far Detector Beam Neutrino #2

Run: 29447 Snarl: 100855 Slice: 1 of 1 Ewvent: 1 of 1

Reconstruction Sommany
# Tracks: 1 # Showers: 2

Primmary Track> Len: §.3 Range E: 4.0 Ge\ Fit P: -4.0 Ge'W'
Wertex: (Z2.5,-3.0,3.0) cos#theta: -0.02 Pass: -1.97
Primary Shower>= PEs: 91.2 Energy: 0.32 GaW
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HIGHLIGHTS FROM BNL
CONTRIBUTIONS TO MINOS




Muon and Hadron monitors

Pad lonization Chambers (PICs) used to monitor hadron and muo n content

of secondary beam. Developed by BNL/U. Wisconsin/U. Pittsburgh . Built by

U. Texas.
Absorber Muon Monitors
Target D . \ : = | ==
ecay Pipe
Target Hall ytipe . N

120 GeV R = M’ -

protons b, ——3—= = b w
Main Injector Horns T
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Hadron Monitor 12m 18m  300m

T 1 ;,fl,’:/z
ﬁ L

:Am"
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Beamtest of u/Hadron Monitors

M. Diwan, B. Viren

BNL has been involved with the NuMI

secondary beam monitors since 2000

In 2001, BNL conducted 5 beam tests
of the PICs used in the hadron and

muon monitors using the ATF beam.

Test involved the final ACNET (Ac-

celerator Control Network) electron-

ics and remote readout used in the

woy',

NuMI beamline.

Results have been published

3

Guard ring

Nucl.Instrum.Meth.A496:293-304,2003
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First beam in NuMI using JAS!

On December 3rd, 2004 the Java Anal-
ysis Studio (JAS) NuMI Monitor

oped by BNL displayed the first pro-

ton beam in NuMI at the hadron moni-

tor on the 12th pulse

Pulse height (pc)

60,000
50,000
40,000
30,000
20,000
10,000

0

HuMI Hadron Monitor X-position

devel-

tean : 027173
Rms= : 4. 7484
Sumfyeights 102373

A 10 15
Horizontal Fosition {inches)

M. Bishal

NuMl Hadron Monitor 2-D Display (log Z)
Werical position {inches)

14
10 EMean ; 027172
ERrm= ; 4. 7484
5 'hean : 0.0VETES
0 YRmMS : 46779
-f Sumdfieights ;102373
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-10 n 10
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fean : QOTFETES
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50,0001 SurmOfWeight=s @ 102373
40,0001
30,000
20,000
100007 i |
07 T T T — — T
-15 -10 -5 ] 5 10 15

Werical Position {inches)

The JAS monitor was crucial during NuMI commisioning.

#
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JAS Online Beam Status

M. Bishal

File Edit Yiew Tuple Run Window Help
B deund

¥ NuMi Beamline Status Display. 1 = |

Transverse Position (mm)

BPM horizontal and vertical positions vs. location along beamline Tue Mar 08 21:59:24 CST 2005

B BPM_Flotter_1 Horizontal Position vs Location
= BPM_Potter_1 Vertical Position vs Location

T
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T T t T T U T
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Beam profile on target. Intensity = 4.166379014524...
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Entries : 12800

< -1.3000
CTTTTTULBAT 3

1.085
5974,
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Hadron monitor display. Horn current = -194.10278...

Vertical position {(inches)
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NuMI beam data logging

A

Beam data is needed for beam systematics studies and flux norm

s

Y

o
ACNET
Frontend

New: Merged DAE/DAC, on
Dedicated MINOS machine
(www-bd.fnal.gov/minos)

® There are three main MINOS
datastreams: ND, FD and

beam instrumentation

® The BeamData process, written

using PYTHON, logs data from
400 NuMI beamline devices
using the XML-RPC server
NOS data stream.

A
Y

Device list,
triger, and delay

Data callbacks

— MI-

RotoTalk

B. Viren

alization.

Rotorooter
to disk, disk to
Enstore

New: dedicated, upgraded

Minos Control Room system
(minos-acnet)

Eile Expert View Help

B050220_172712.mbeam.root

Name I'ﬁme 1o next

JdT ‘Coum J Sent 4 Event IDeIav JSEEI’[TJ!’"E

JID String I

in-spill | 62.01 9

m-sp\H]

J#seen ‘#miss!ng IDeS(nptmn
- v T Torme oo

9 169 1000 Sun Feb 20 11:27:48 2005 xmlirpc_10230cef66d

L:PMTGT 9 0
IENUTARZ 9 0 Location of target
EKBFTR -}

E:M118DS[] 9 0

Profile monitor in or out

#JNameJLeve\ ‘Message

Message Level: DEBUG |+ Messages to keep:|10  |<
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NuMI offline beam data analysis

M. Bishai
This is the first horizontal low intensity proton beam target scan taken on
Jan 21st, 2005. Detailed offline analysis first done by M. Bish ai using the

offline beamdata logged by the BeamData process:

Graphite protection ‘baffle’ g 2s00——r—rrrr—rrrrrrrr—r
. m | @ Alldata using PM to ex{rapolate to target
Graphite target = L Run 6067 , _
Water cooling line ~ =2°°[ L ’
[2]) . [ Y
§ L1 '
£ I .
******************** £ 15000 - . —
777777777777 8 i S
4 o °
E E g z '
g,. = = o’ 10000 - ! _
x2S E : :
AR B : i |f
,,,,,,,,,,,, S 5000 p . -
v s i s %? .
-cau i ' "o e o
| | I 0 11 1 1 I 11 1 1 I 1| 11 1 1 I 11 1 1 I 11 1
6.4mm — »! - -15 -10 -5 0 5 10 15
| | Horizontal position at target center (mm)
Pulse height in hadron monitor is maximum when beam is passin g between target and protection baffle.
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Beam Systematics Study

B. Viren
Using data on beam quality from the

Ratio to nominal at Near Det, per PoT

first two neutrino runs, Brett simu- o
Eirt IEN
1.6
lates the effect of the beam movement sE + + +
. 1.4;
and compares the v flux to nominal. ra
NominalRun 6067 |Run 6068 1-22*
PoT 10e6 4e6 6e6 L1 +++++++
BeamXO0 0 |+1.72 mm|-0.59mm B
BeamYO 0 [+0.41mm|+0.41mm ET——
BeamSigX| 0.7mm | 0.97mm | 0.97mm I L zﬁ‘emlrf‘no‘EiErg‘yiéev‘)‘z‘)
BeamSigY| 1.4mm | 1.15mm | 1.22mm

Run 6067 flux at near detector

50800 -400 -300 -200 -100 O 100 200 300 400 500

50800 -400 -300 -200 -100 O 100 200 300 400 500

Flux Run 6067 (off-center beam) Flux Run 6068 (on-center bea m)

Brett demonstrates that 1.5 mm beam shift = significant syste matic.

3
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Preliminary ND rate studies

M. Dierckxsens

- | BNL pioneers matching beam con-
ditions with near detector data on a
. spill-by-spill data using GPS times-
gm tamps.

t(nearDAQ) - t(beamtime)

First detailed study of ND rates vs POT:

Difference between ND and beamline timestamps

Reconstructed Interactions versus Protons on Target per Spill

25 100 X2/ ndf 4.089/5 X/ ndf 0/0
= [ MINOS preliminary % 14— PO -0.02492:0.001275 | | pO 0.455+0.03356
% [ Near Detector 2 F pl 0.4458£0.008499 | | p1 0.3932:0.01214
2 20— 80 % 12f-
L <
g | | 'l =70 g F
£ - = 10—
15— I ' IIIII | —60 ¥ r
C Fs0 8-
- I I C
10—~ 11 g, 1 —40 6
- r I ' I 30 -
- 1 i | -
“Tafh ! [ n | 20 -
- 27
. ol A 10 -
oy o ey By Ly Ly ol b e
% 5 10 15 20 25 0 % 5 10 15 20 %
' Protons on Target/spill (1IE12) ' <POT> (10E12)
Mark Dierckxsens, 2005/03/18 Mark Dierckxsens, 2005/03/17
Number of v interactions vs POT Average #tracks/POT data and MC
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BNL MINOS GOALS/REQUIREMENTS




Near Term Goals

® Beamline monitoring and data logging:
#® Develop JAS program into a beam quality alarm system.
® Integrate beam data histograms into online MINOS shift fram ework.

® Spill-by-spill beam conditions in MINOS ntuples and databas es.

® Physics goals:

® Set new v oscillation limits using observed rate in the ND as a short

baseline experiment.

® U/, reconstruction in the near detector.

® Publications:

# Joint NIM publication on NuMI beamline commisioning. BNL, U

Texas at Austin and FermiLab.

@
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Summary & Conclusions

BNLs long term MINOS goals are:
1. Normalization of the v rate using beam data.
2. Searching for v, appearance in the far detector.

BNL has been a leading contributor to the MINOS effort since 2 000,
particularly in developing the beamline instrumentation a nd beam data

monitoring and logging software.

With the addition of two more BNL collaborators last year, we h ave also
taken a leading role in MINOS database development and manag ement and

beam data online monitoring and analysis.

BNL has pioneered matching beam conditions with near detect or data to

study ND neutrino rates.  Lots of work done and lots more to do!

3
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BACKUP
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The Far Detector

25 B0 m ~Active Detector Planes
4 cm wide sohd scintillator strips

WLS fiber readout

486 Layers x 2.54 cm Fe
5.4 kT Total Mass

Magnet coil
<HBz=15T

8m X 2.54 cm thick Fe plates

°

® 4.1 x 1 x 800 cm scintillator
strips with WLS fiber readout

°

Toroidal B-field, 1.3 Tat r = 2m

® Cosmic p veto shield

a ' 486 layers = 5.4kTon MUX box
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The Near Detector
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NuMI Primary Beamline

7 "N

Transport
Line Q114

Transport

Llne QI115 l

MI Q105
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NuMI Pretarget

E_L h :

SN . Shield Wall to
Final Focus Region Target Hall
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+ SEM’s




Target Region Components

Absorber Muon Monitors
o Decay Pipe . \. LR LR Lo

Target Hall e S
120 GeVY _—_’_J_;’:Z sl
protons , - ‘ A T
i = i = e

_ g =
From ——— ; v S SR
Main Injector niesss —— 1t
‘ ' 4 o bl e | —gjln _’.:_’p
10 m 30m V2 SRR

o B R

675 m

12m 18m 300 m

Horn 1

6.4 x 28 mm? graphite segments
1m long = 1.9 interaction lengths
O(100) KW beam power at 1 mm

beam width . Water cooled.

2

Parabolic magnetic lens.
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Measuring the Beam Profile

Segmented Foil SEM’s

Foil Secondary Emission Monitors

Beam profile + halo measurement

— Very low mass (5 um Ti)

www. hep.utexas.edu/~kopp/minos/sem/

10 cm Beam Port |

Reduced Beam Heating problems
Ti signal lasts longer in the beam

Limit Switch

Stepper Motor
& Linear Slide

*  Mechanical/Vacuum System
‘Bayonet’-style insertion is compact
Frame is never in the path of beam
— Insertion accuracy/repeatability
Vacuum ~10 Torr on 301/s ion pump
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Measuring the Beam Position

Characteristics of NuMI Beam Posi-

tion Monitors:

® Software algorithm to search

400 psec to find the beam.

» NuMI bunches come in 6
batches from booster. Position

IS measured batch by batch.

® Llinear over 15-20 mm. 50 um

resolution.

BPMs used to auto-steer the beam to target center

3
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NuMI Beam Monitoring using JAS

M. Bishai
BNL has developed new online sophisticated monitoring soft ware for the
NuMI beamline instrumentation:
http://minos.phy.bnl.gov/ bishai/minos/NuMIMon/
The software uses the JAVA Analysis Studio (JAS) package to monitor
NuMI beamline instrumentation data that is publicly availa ble through
FermiLab’s Accelerator Controls Division XMI-RPC webserver . Features

include:

® Platform independent. Verified it runs under Windows XP, MAC, Li NUX.

» You canrun it from any computer, any where = = REMOTE MONITORING.

@
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Beam quality studies - example

Beam width at target should be 1mm but booster (?) instabilit

larger profiles:

Profile Monitor Tgt X-Position

Profile Monitor Tgt Y-Position

M. Bishal

les cause

Profile Monitor Tgt Y-Position

Horizontal width measured at PMTGT (mm)

e i T

Beam profile at PM101 vs PMTGT (Run 6068)
T T T I T T T I T T T I T T

Target beam profile, UTC timestamp = 1106420168.

L
D
e
[
o
.
‘e
(1]
°®
[
[ ]
[]
..
)
.
(]
.040
o'
.
L] (]
° d
. .
[ NN X
]
| | |
0.45 0.65 0.85

Horizontal width measured at PM101 (mm)

Beam profile measured at target vs profile at Q101

#
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MINOS Computing at BNL

B. Viren
http://coop.phy.bnl.gov/"admin/doc/coop.html

# Built BNL Physics Dept Cooperative Computing Cluster
(COOP), an 18 CPU Opteron cluster (72x1 GHz
Pentium equivalent).

o Cluster built from contributions from Physics Dept,
MINOS, KOPIO and Advanced Accelerator Group.

# 8/18 CPUs guaranteed for MINOS reconstruction,
analysis and software development.

# MINOS is a heavy user of the COOP.

# Design allows for scalability to 100’s of CPUs with
constant adminstrative effort.
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MINOS Database Inventory

M. Dierckxsens
® Maintaining the status of each of the database tables used in the MINOS

offline software.

® Providing documentation about each of those tables for colla borators

to easily obtain information about the large amount of DB tab les.

7] b 2 il l " T|
Ele Edit View Go Bookmarks Tools Help Eile Edit Wiew Go Bookmarks Tools Help (8 B
oy Emse— 4
EAB_VMM_LOC iMark Dierckxsens _}
EAB VTM_CARD LOC |Mark Diercixsens _‘
FAB_WEINER_PS_LOC [Mark Diercizzsens | SN Teblp Coarin):
|PULSERTIMINGCARDSETTING | Nathaniel Tagg _‘ Mark Dierckxsens

Description:

This is the main table of a set that keeps track of changes to the hardware. Each compenent should have an entry in

= ; this table that tells what type of device it is (an int referring to DEVICE_ID in FABDEVICETYPE table), its serial
Table N Table C: Info fils 1 =
‘ golaame Lok s | FLOLEE number, the model and the manufacturer's name. Each time something has happened to a particular device and is
‘CALSTRIPATTEN Nathaniel Tagg _ entered into the database, the revision number gets increased. There is a comment column to record the reason for
- this change. A graphical user interface is under development to enter data into these tables.
|CALSTRIPTOSTRIP poisymes [N
| CALTEMPCALIBRATION | Chris Smith Usage in the offline software:
|cALTIMETUMP Nathaniel Tagg _ This data is currently not used in the offline software,
‘PULSERTIMEDRIFT Simona

Validation for entering new data:

Data Collection & Processing Tables

Validation is done by the underlying classes of the user interface.

‘ Table Name Table Czar ‘lnro file avail Process far antomated Hlling:
| CALDETBEAMMOMENTUM | Mike Kordosky. Patricia vahle | N SN Table not updated automatically or info not avaiable.
| CALDETCERRANGE Mike Kordosky. Patricia Vahle| [y ] Aidsitionaiticfarmatian:
|CALDETCERTIMEWIN wike Kordosky, Patricia vahle | | SN
‘C ALDETOVERLAPWIN Mike Kordosky, Patricia Vahle _ More details about the HWDB tables and their development can be found here.
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